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(54) Ht» : A MICROCOMPUTER 



(57) Abstract 

puter. fat which the 
memory and cache 
memory are optimally 
coo trolled to improve 
computer processing 
performance. A micro* 
computer (MPU) includes 
built-in memories (9, 
10) mounted to the same 
semiconductor substrate 
with a cache memory 
{CACHE). The built-in 
memories are those which 
allow high speed access 
m the same way as a 
cache hit to the cache 
memory. High speed 
access can be made to 
die built-in memories 
{9, 10) in all cases in 
the same way as die 
cache hit by making them 
ooncaerteabte, that is, 
by mapping the built-in 
memories (9, 10) to a 
noncacheable area. if 
they are cachcflhte, on 
the other hand, the data 
relarinff to a cache miss 
must be placed in the 
cache memory an the 
event of a cache miss 
duriaa acccn to the 
bnik-m 
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1 3 



I 



maaa 



l i 



t ... koa contreOlar 
11 ... porlpharal circuit 
13 ... MtoM i bus 1 
19 ... otnMl mm 
109 ... bl« vlgnal 



BEST AVAILABLE COPY 




(5 7) S# 



->r>T iru-D>V3.-9 (MPU ) tt, f^'-a.** tf (CACH 

e> ii^rti^^'i (9, io) *m-#mfr&&K.mmL, 

£»&7*-fe;*UHfcl*3/g&;*^'; ft&^U ( 9 , 10)* 

& i: b fc u © r 2? -fe x fcfigs tt * ^ £ ;* 

* fc » © M * ff t> » ft K * & & V * # . ± IB * m * ^ "C tt * © A -5 
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-ft * nfc v >f * d ^ > ^ i - * £.& y> c mm fc J: s ^ w * 
d n > t? i - * * ^ t ? * x «fff =fe^M<br a in u« 

(f^iSItfRI SC (Reduced Instruction Set Computer) 

S/>^f5»7'7'f^D3>Ka-^H: 1 ROM (Read Only Memory) 
15 ^RAM (Random Access Memory) CPU («£ife4213g^S=Central 
Processing Unit) h»C#-^««:SJK±C^iK$nT V^ SO-C. - 

ttc^cDAJK^ « u £ c p utf^-fex-r socst sijsisb:® < „ * 

20 — 7t-f >^^"C#^*Hff LTV*<<D*C% 'JOT* 

* ^ -e & a jg* * m. Z © A* tb Z » d © t g # SB / * U T * -fe X £ li 
Mrftft* D **** * ;i/ *gf £«,-£©£ -5 SOI/*-* 7^4 2 

r B3goiW^ hD-^X 1 9 9 2f llfl23Hf, no. 5 6 8j 
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fg9 BMTimm 1 1 ZHfcfBlB©*©:^^ ilfc* KPi¥2- 18 7 

tit^tifi & ^S-g-fc: ©» 7 * «b * 2 ft * £B&gg & * ^a^g t # 
4£ b *: i' > ^ )V v y<b <* ti v * * d a > M. a. — 9 ft: «fc 5 * © * 

© m&M ttft is -t c *r f 5 5 s - * mmm& & ±<D&m t v \ $ 2 ^ c * 

10 BLL 

tti *d **** ^TWtire** ut*** 

X tttfcft * d v * -f * ;p ft g 1" 5 © Tf * ft SB * =E U Y Z -fe * * fir 

5 J: -5 c r a z t ifimm-e « * #s r d a -t?- -r £ < £t © r 

ft: * 7 s — * «LStet& * IrI ± * * 5 -f * n 3 > a — * c: # -v * 
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a c «t o t ^ *y *s ^ * * y mwivnmtfi & < * * <& * - 

E PROM^fcfcfcrtj&v^ROM* 1 * D y*1f-f ^;i/T7^^7 
nrfifeTfeofch-r-Se CPU0»flU*tt*#£&Cfl±b-C 
<5t, ^$IR0M-¥»77 yJ/a^t U &if©«fc -5 fc:k&&*7 — Fiji 

Jtfcl-TSR I S C7'-*7 i ^?- + -ov-<^n3>bfa.-^-c-H:ifr^ 

v -< n 3 > if i — * ©i*3# tSEff * *xfc * y ©f-^ 7* * -fe x * 
l«I±*^5 c i: § £ v-f if d n > Ka- * S £ i: fcfeS o 

3VKa-^*ffiit5Ci:Cfc5. 

* (mpu, mpu i) tt, **ifl.s^M ( i) &#!kmmmmiz 
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i^tTi'-b^^nsrti^tv o, i o) t. m^xxkmrnwiz 

rtS$n* (6) TZ&&$ti1z**yi/3-**: y (CACHE) £s I5IB 
i-^m0^7i-;fg (11, 1 2) fc> MfB^SB T K U X 

%v*4-*9^a.®#tt*i^m'«tt*^et (2, 72) tfc^tfo 

dCDidfcs ?-f^D3>Ka-^ (MPU, MPU1) t±, 

^i^^ey (cache) ^^crtjg^^y (9, i o) zm-*mfc 
&mtzmm u £&tem* ^ y s»^^? y izfcw-s** * *>a. 
io t * Ko®^i:iii«t:iiS3i7'^-b>tRrfig«cw^^ : Ey t*nsoF«3jgi^ 
^y (9, io) v^i*M&i:Lfc^ci:* taa-rtuipm^ 

y (9, l o) &y ys/t^vxijrtvy ?k 
«fc 5 rtffi^yr* j-fc* h 

s/^a^'J (CACHE) e»fflffii§g* J 'J^<#tf , /aty> 
20 ^<>«i£<-C4»x HSSC:r*Hr;*T5rf6£l*gj&j*^y (9 , 10) 

(MPU, MPUl)©rt«.t»t*^W&tf hsP4Ji5«>SCl 

ff t * it s * y r * * CD iS&fcs t> T &7 - * ittSttH * ±1* 
25 ttfciisi&sz: 

v W * d a > K jl - * fc±-&*J C m ») if© * X * t2J# it # m 
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**3rS/3.*^U (CACHE) ©t 1 ; h^ffiT-TSilglFaa^V^ d 
D3>Ka^ (MPU, MPU1) fclfc^T, m 

v > -3- <Dtt& i: L&v^ i: fc: «fc b , SO >) :ro y^A-ct 

10 *S > »J 71b 3 flit V W * D n > fcT.3. fcjg® qTfg£ * * * 

is J- * U Mrn AlSWfflR O M©§S£«:lfc t) #fc >> x ^ *x£ 

* i ey;6*2©^#mft©'S7 3 :-f& (way) ROMco^-^IBfil 
[KB =Kilo-byte] t U 6u&©** * *>j. * ^ •; ©f-^ 

15 &m&M&C [B^byte] fcbfcfcj*, tifM©* + v '>a^ * 'J ©£ x 

fS/ix> h "J©? 5 — *^>f i/^fciiSCTJt&a, b£, 
8wayW±/ 4/Wh5-f>t:a=24. 01, b=8194 
8way6lV 8/W h^-Oft :a= 9. 00, b = 3 3 2 8 
8waytti/H;Wh70fi:a= 4. 0 0, b=1280 

20 8wayW±/3 2;W h^-fl'g: a= 1. 75, b= 512 
8wayW±/6 4>W J»-5>f >fiW± : a = 0. 7 5, b=2 5 6 
4way/ 4;W h5>f >g : a = 2 5 . 19, b=8 8 0 4 
4way/ 8^Uh7'f>I:a=10. 00, b= 3 5 8 4 
4way/16M07'f>I:a= 5. 0 0, b=l 536 

25 4way/32Mh7^>fi:a= 1. 84, b = 557 
4 way/ 6 4;W >SW± : a = 0 . 7 9, b = 2 7 6 
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6 

2way/ 4/Wh7-f>g:a = 32. 41, b-11112 
2way/ 8/Wh7-f>g:a=ll. 90, b = 4 3 2 8 
2 wa y/1 6/W h^-f >S : a = 5. 5 0, b=1792 
2way/32;Wh70I:a= 2. 0 3. b = 651 
2way/6 4/W h7^>M± : a = 0. 8 7. b = 316 
lway/ 4>W h =5 4 : a = 3 6 . 0 6, b= 1 4 3 6 1 
lway/ 8;W >g : a= 1 8. 75, b= 6 5 9 1 

lway/16;Hh70I:a= 8. 00, b = 28 16 
lway/32/Wh7-f>S: a= 4. 00. b=l 2 80 
lway/64n>f h7^f>M± : a= 1. 4 8, b = 5 4 9 
ZfeX>tzk.&. C + aR#b£M;tfc^g8&£i&Jg«*-e-:&fc < l:^ 0 

#flfe« <* ft £*ll£R&lt-r Lj&»Lfc#&. ^©.fcSfc 
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T Y V 7 tm £ Kir S r * -fe J* -f * )V & j@t&r £ «, 

10 C^^ST^-fe^fc^^Titflsl©:*-* yJ-t^x 7C^tS7^ 
****** S^feSS-^fcttiiirfE^x-f h £fr;b&l>«fc -5 

rso cnt: < tt) % *ts'i'a5^Rf©^t'fi';vc7Ki/7ty h 
7 m c w s * * y * -t * ©t£t&®T * bs « c n ifi-c £ a „ 

5£&7&&Bu «ria4»^«lS^SttR I SC7-*f^?-t^tlx Hiff3 

20 * * a * ^ »; bu **«ta^gfc; «t * t # -fe *® g§ag*» e> tt*4ijra 

9J0V>f ^D3>Ka- * (MP U 2 ) fcfc. t»ia*i'!y^3-^ i EUC 
25 fttt, rt«jt*y (2 0 2, 2 0 3) 6 7*-fe*flft®ttttft3E 
RAM (2 0 1) *£&ffl-rSo MfcU ^ttlKI (2 0 0) ( 
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■frb^zm&mmvTm&ftm***) (202, 203) xmm^m 

7Ki/7$H0^r ^7(208) fr^monter Ki/^sto^ 
§sh«ram (201) ctestiu &m&tz35vz*ikmmmm<D7 

RK ^^T^-b^^*ii5«RAM{c^tfe^ft!iair5te2l*JllI#|g ( 
2 0 5) *&mTZo SSRAMMSf-^SIMItt, ftl^ t U X 

10 CI <D «fc -3 ^ W ^Dn>Ka-^ (MPU2) fcF^SS^ixfciS^R A 

M (2 0 1) fc£t&Kr-*gU<»rn^A£fe^LT*J/§RJi&fc: 

^ A Z<D -5 * . 3 & ^ »lgaS R A M ft fc: b t * I > X ^fr £ 

x § a o ^ > y 7"<b*nfc * u 3 > k ^ — * ^^tt: r 5 ± 

mtzme>^'( *n^>va.-* <mpu3) tMB*-****** 
25 ufcttAT* rtat^^u (402, 403) iHr^txiiifioiu 

ilSSSR AM (4 0 1) *»8U Jit,' **MKft (4 0 0) 
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(4 0 2, 4 0 3) XttSiTlB^SUT Kl/^fflH (4 0 8) 

1£j£RAM (4 0 1) £K£r*ffl||lftffi£0:r Pl^ttH (CSAR 
K 1/ * t *f f £ Hfr 13 7 s - * £ £5 T & £ * S * * A a St S O T Z -fe 
RAMKHOtftiLMIIIt- d^MIV^m (4 0 5) SSfflfio liRA 

<v*. ?i (Ditto, ±IB<DJ;5fc:, rtiB.*^ tf ©fcJMsLfcvMIKH*** 

s m s # r * -b * u t $ s * n c m n l t r a m ^ $ mm r % 

20 ^CDf6©V-f ^on^Via. — * (MP U 4 ) t±. MIB^ri'yi'i^^ 

U fcttiT, rtJ&^^U (6 0 2, 6 0 3) «fc t> *>T*-fe:*l&ffcCD^ 

iS&RAM (601) zmmL. its rtM^uxfemeM^'j (6 

0 8) rt»£>BifiSiS3$R AM^O^-^fcSISfT^^-^te^^iai^lS 
(6 1 2)fc.HulB^3iRAMtw*i3l^tife7 ? -^©te^7ur HVX(C 
25 SAR^7H1/X^C E AR) CMt* S +ifeS!lSi^S<OT^-bX^BulB 
A^RAM'xCD^^-b^t:t!IiSlitft«ISJ-ra7 i ^"fe^®ift^.^#©( 6 
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10 

M P»3 £ f*| j$ * ^ U © Kl it b & H 7* D if A — * * £ jSt b T £ 

> r ^ if T IS fiS * ft 7* d V v A © a % M & it -r t S i: £ £ # to *> 

* y cir$ t) #jitt7D a#9mm * y b 

is -tfc^ ^c^sm^e y y iiaacfMaiit- ft t&»5 <- 

m2 0tt^ 1 Etl^^ftfev-f ^D3>fcTa.-^^^^ft5^^^zi 
M#^^~ KCfcttST Ki/Xv* hT^^EI-eft^o 



4 
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m 5 eu* c p u 5 r k v xm^omwmx& z * 

35 7EUiy * is * 7)1* U * -fe* ,££>— 03 £ LT 

CPUtfRAMXttROMS U — F 7* * -fe * 5 #£D*>f 
5 t-HTfcS, 

£1 8 0UCPUfcJ;S*t * -7)1* U 7CJJt4 + + yi'at 

20 -efcSo 
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h <omm * ^ -rsy <dmw m -c $> % • 

5 ^1 gHfcmg&T^-fe^oy*-*^ *;i/»M= 3© i: 

i2 2®&#a$:r**;**Dy*iM*;i/aM=40fc££:fctf-a 

t£2 3 0tt^^y^j-CD«l^ (wayft> v-f $1) CWt5 
(1-h) ZifrTmwm-C&Zo 
15 M!2 4RttJI5 2 3|3fc;5s;*;h,3figj&>£>*&^fc v h^H = r + h- r 

^2 5 0I±PRG=5 1 2KBtUROM§tR*i|[tt#e ) ii 

SS2 6 0fct8 2 7M3 OiatC^^ns^jSEROM^gh^^y 
20 ^i^^ yMfc©H^&&C + aR = b-ejE&Lfci: v S/ 

S£2 7EB:SfS2 5Slt:^$n5^*tS^t*ty^aSlCt 
I^jaROM^fMRCDii^*7;i/7 , V^7 , 5 i -f 7 (full) .^tyj'a/t 

25 US 2 8 0fc*tg2 5l2fcjj*£;h.3i!gi|tfc:a^l'v-C** -r>a$lCi: 

?3jBlROM&eR 4 fcx-f-fery YTV^Tt-^ 7 (4way) * 
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*y*>2.**V£:MLxmtzmwmX'$>z. 

52 9ElttS2 50CS$ii5^l:i^^t^tf Aiglet 
I^IROMgiR i:©§i^£ 2 ^ai-Y-b^ hrv^>7r^ r <2vay) =¥- 

J*3&ROM3?»R«>il&£^>f i/> h 7^7* (direct) y^i^^ 

10 *0"?&£o 

53 2Et±S3 lBl:^}i5v>f^D3>i;a-^i:tjn4fi 

S3 6 0fcfcS3 5 Hfc^SttS t? D3 — * 

S3 7ISll±RAMtej3|n> hn— ^©^"D ^^STffeSo 
20 S3 8®(4^RAM^©3e5!l^W * >^©Siifliei-e;fc 

S3 9 EliDMA C^iTtZct oTffi^^^B 'J<Dfi^^fc^^L^a*^ 
8RAMfcteiJiL-ti3S^&i£&*^ y t^t57»t^7Hl/^* 

X3> y ^B"C&&- 0 
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04 lSllIgRAMM7 KU^S|tgf©7D-;^i-Ci&S, 

& w & mm t a it & <d m & omm 

5 TV>&o 

i — * o-nmm # ^ * n a * *m£^i© ^ > ^» ^ * r v j z d ^ > 

tfi-* (^t^^n3>ti-^i:*,f3-r) MPUHu ROM (U 
10 - Y - • ^^U) 9 StFR AM • 7*-fe* • ^ U ) 

1 0 fcflnAT*-* ^a^fj C ACHE*-0©¥#f*g«fc:jgf& 
UR0M9MRAM 1 0 fcfc** y>,a. * y CACHE Ci5^r + 
-r>a©^fi:l±$Ji^ CPU (4>j<lMiig) ltfrtj&ROMDX 
14RAM1 O^T^t^tSS^ttt^tyS/a^t'J CACHE© 
15 r^t^ijffS^fflt-ffclglrtiROMgxiiRAM 1 0 # U — K 

ACHE.CPUltDllf^D^AXftr-^tftttt^nSROMg, 
CPU l©f^H^^L<{±7 r -^©-RflB1g«^i:^HSRAM 1 
20 0, Ht$?S& (MULT) 5, ;U3>hD-77, ^22tl|8& 1 1. 

>*7*—x 1 2«S^»x#^^U3>©<t5* na©^# 
<£Sffi *i£ 0 fl.g&;t*-f 1 2 CfcmSP^* 1 4 £ 

25 ISCT-tf^fi'ltU CPUlBu Itfr^fcfc t) CPU 1 (DM 
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.^-te^fcifO-'Wr^ ^X^-^^^frt-Cl^o CPU 1 

nsrtspt* (i bus) 6«x izvvtyj ?}\s*m'h®i¥mm£ 

DB. MMfl^^ I CBip^fifc^o ^^rtSB/t^6fc:i±ttr^^+ v> 
a/t'JCACHE, R0M9x RAM 1 (K mgtSM^frJBOfimSi 
(MULT) 5. &WZ^> hD-7 7#8Etl£tl£o /U3>hO 

7hu asp*;* 6 ©iasiixwiaiajm i i<oT^±xmm^^ 

10 -5 c 

$20ttt^3> hD-7 7 £M/iX>t >97^— * 1 2 ©- 

mate 7 2 fct^ai^nfeisjBS^Dy^^^tfo^^^^^^^i- 

* 1 2tt^77l 2 0 fc*^ 3. >^£j£|eIE&l 2 1 fc£:*:S!J£ftfc 
15 JUBS^uv .^Stt5.;ty7r7 1 fctrtS*^;* 6 &«Sfifcf £ WSP^— 

i 2 ^anna 1 1 c««&-rsc*jffliiftaiaiK 7 2 &i*3«s/t;* 6 

* *>j^-r a o * n & <o¥"jj£*sm -c air o m 9 omnm^M s r 

0M> RAM 1 0(DMIfMSRAM, ft & la] U— Y/v 

N fCS0-CS3x >J-HfifRD, 7>f hifWR> DRAM 
25 -7"^ S'i'RAM)r^'b^©fc«)©P , >7'l J l/X^ bD-7*i^RAS N 
jb^ATKV*:* bD-yMCAS^S^-f ^>^J*®IS1 2 1 
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5 $iiz.M®ffimm&7 2fctt** v3/A.**y cache t^frs* 

* y'yak* 0 9CT2l*n;**U SC, (MM 

fBECNOP{:t«.®/U>f>^7i-7 1 2 S^t5M^7 

10 ^JJPlfBUSRDYCTCPUl iz*3k%ii~ ZoffifflfH-^B USRD 
YfcfcCPU 1 fc«t%/t^T^-k^0gigI»)*^-rsci tts&Sa 
m 3 0 1 14 * ^J60!l C fft 5 T <i 9 D 3 > £ a. - * M P U C $ J* S f*l 

BIJCttrtjSSROMJlft^^- h-t*»47Kl/7TyK>^©-^tf^ 
15 £*t£o 

*SUfS0y©v-f ^D3>Ka-^MPUtt,rt»ROM 9 £*T3&fcT 

20 Wi*TSl^Kt±,|g3S&V^4iaK:*«-2>CS0-CS 33SSStf 
DRAMSRSiiStu ROM9&VRAM1 0 * ^ a ©*fgl fc l± 
^ti&M. C P U 1 ifiWm-tZ 7 Y l/XMttg 5 Kfc^jSfiiS «fc o t 
3 2 tTy h (A3 1 -AO) A3 1 -A 2 4 fctlftfBT* F V X v 

yytzmztiz&momiRtzmmzti. A23.A2 2 ttcssmc^ 

A**157 Kl/*M^fctA2 l-A0©22hTyhJ:*nSo^2Eit 
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5*3- KSUS7 2 1 fcfo"CUSSmMSROM,MSRAM^ 

j$-rsfc&tc> cso~cs3, r a s , c a s s >ymmmm 

^ L T <D -r Z -b * 1*->f * ;Hfttt^<0 C S 0 ~ C S 3 , D R A M£ 

mmizzi> bu—jiu*;*? 7 2 oicia^^ns^i^ hxf- h& 

C^oTft9®ilSIaIBS7 2#*>f ^ >y&ffl®&l 2 1 CiI»l-r£oSk 
£F^3ft*CS£HSiR<Z)fcfcCftl&K:fcJ:A2 2 «t »3 feTM©7 K 
10 U^tyh^fn-K^kStiTV^. 

m 6mtZ&*v ^S/a^t'JCACHEffl-fiaiyD y ^Stf^Six 
So ^ri'yS/J-^^y C ACHEliT KU^TU-f (A A) 3, 7 s — * 
7l"f (D A) 4> nw<l/-^2 Os atf^fi"y2/in> ho-7(C 
CONT) 2«cif%fiSfitSo #HI60!lfc::i3V>t\ *tr>a^f'JCA 

— d©o:> h u %m&-rz i »va5-f > <omm& H^mmum 

F—tr^J > 1 0 6^Lt*©*f 'r>a7^ >fcf3tibT^*ti*8 
^Sfe-C^S^^^-T^S&tTy h (V) 10 5£«&;i£o 7 
<f 3tt^r^y->J-^^7 pl/X 1 0 4fc4r»lf * hl05*#Uf- 
41^— *^-f > 10 6 ft. ^SfcffiCT^rt 
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<z>mm % a t> r y 4 — ;u f # iifln <* n * * & s « 

4»*5aS^fiCPU 1 frfcrtaiT* KU*/t* I ABCfftf&£tL£T 
Kl/vUM 10 0tt^^7l'l/^10hx>hij7KUXl0 2,S 

5 X 1 0 3 fc^—f^l >4C^£*v3/W h^-^&Sft-rsfcafr© 
fS«i:*n5oi> hUT'Fl/^lO 2 {iv 1 ^"^ 1 1 0 ttr^-h" 

10 ^XS^lfe** y 4 »'ya^^7 Kl/X 1 0 4 ti 

fcMfSSKf MO 5ti*tyi/an> hu—? 2 

15 >1fim%i-Z&'zX^ «J'5'a7-f >0 + tS'S'i^^7 K U X 1 

0 4tf^y7h*l/7l0 1 C-Stii^^ty^its' hffl^ 1 0 
•f >ry 9 Xante** y 1/3**7 4 XDy*—? 1 ? 4 > 1 0 6 £ ^ -f 
20 I DB^Sc^mSfrU^tt** ^>a7-f XD7—# 54 > 1 0 

I D BCD V s — *#«£5&i:il5o 4 0 ti'f >^ y £ 2 ftfc ^— * 

7 s — i DBcmTa-r^^-^m*®^, 4 i fct-r >-5= <**i 
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M3^** y S'.x^'f >©*-fry S^^^l 0 4ififr?? FUJI 1 0 1 
5 — 7 7 K^r^ f^a. ^^*saiftl$n> h 7 7 

2 «^ftt«fc^T^ii&ftfc^-* C£ v-f > 1 0 6 

10 a 9* >tt&$3)<DLRU(Least Recent Use)$(Dill:^ot 

M-P^K* MOS #-fe »y f$n$» 3 Ofct* + s'J/ii'^KU^ 
1 0 4©A^y— 3 S^^T Kl/* 1 0 4©m*^*- 

15 105 Qttftittey MO 5 0A*y-h, 10 5 1 tt^S&bTy h 

1 0 5©fflM-h-Cife5 fl ltflB7 r -^m*lHlK4 0. ^-^A^EES 
4 1 . tB*y- h 3 1 , 10 5 1. h 3 0 , 1 0 5 0©i 

f£B\ W >5** **ifrf^ >7 4 KMW, CPU'lCfcfc^-f h7 

20 msmvr 3SVr-^7U>f 4 tt. •> * -f ft** 1 © ^ 

-fl/^ «>*-f f&#2© (2 - way) -fey h^yS^T" 

f-f 7Xtt4i (4-way) ©-by h TVi/^T^ <i :/Jfc3*;fcir £:£ 
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*&S*U*»:t-f "e-f >tv 9X2tltz*+ viz 77 Y UXiHz*? 
CPUlCi57?t77 h-l/^i'JT^tyJ'i^^'J CAC 

ftu#x*t^>a3>hn- ^ 2©** y ^*:7>fl!l$JIll&2 1 #fr 
10 -5o **s>^3.*t&£g|fcfcCS 0-CS 3S^i:D 

fi't^xur) k$nso cnfcj&u* lifriB**^ s/^^i/ftasiEi 

ifcfcis H '00200000 ~H* 01 F F F F F FOTp-kX&mfc 

fctoC, H 1 0000 0 000 -H* 01 FFFFFF©7^tX&IJ 
^•TSlelB&fc^^l/x CPUlfci57^t77h'l/74iy'^t'^ 
*'7)\'3L 1 )'7frmfr&m&-r2>o ft. H' 00200000 -H* 01 
FFFFFFCDr* 3 ElB&fcJu 43fc#JE£*lfcV^ 7** 
20 -fe^r KU7 0g±ttK'J' 1 1 h&±\Zv h 0tfcV>£ £ 

*ft*¥yj£-e§£o PtSSfc:. H' 00 0 00 0 0 0-vH' 0 1FFFF 
FFcDT^-fe^S^J^-rSEMSttsT^-feXT Pl/XCDft±tt£<y h 
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Eg§2 l*»e>. CPU 1 tz«fcST^-fe^T J*U*:h';t#*-V y>3-^ 

UMi^#fty&<*;h,£i:, fBlflHI^8£II!*&2 3tt3>^w-^2 0, A 
±V-\> 3 0, 1 0 5 0, m*^~h 3 1, 1051s ^-^ m#HJ8& 
4 0, 7 r -^A^I5JES4 1. ^n-^l 1 0©&*tc. *©l&ft*±tf> 
£fc»©lfrflH§^ltM^£{fc*&T*. ^tfS/a^ty CAC 

HE»#SfttfM*a8*:fcSo Ifcfc. f&HSE!8&2 3fcfc. * * v 5> * 77HW» 
(UBS 2 li»6CPUli: < t5?^t77l'!/^xU T 1 **** «y a* 
t'J CACHEtJ:5+t ^aMi'J 7-Cfe*ifcS^ti^ 
JMr9#0t£$*i&fc* Mff«-9»£I9«2 3fci. a wti/— * 2 0. 

3 0, 1 0 5 0. m*y-h 31, 1051, 5 s — *ffl*ia 
E&4 0, 7 r -^X^[H]g&4 1. ^n-^l 1 0©«-*fc:, *<0$bf\F*m 

a c h e tts&m*a§ t & s o 

c*fbTfci\firiai*]S$^* 6 fc: -r 3 S&ttiL&V y 
i>t*t5'^i3> CPU i©>t;*T*-fe;*fr& l *n 
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KU^104fc7Hl/7^^10 1 &Jt$fcLT** v *s a- 

zi> 7 lis CPU 1©m* 7* 1 ^ny^O^ 

m ffl. tfrI3fflM-9 B E C N 0 P & W * - iz 2 ti 3 £ h t: J: 

10 *il 0 9CT*+<yi'ats' h&JiZzi > h D — ^ 7 £jtfcl£*l,*lfcJ. 
;t*n> ha — ^ 7t±^SU^^T^-fe^^ff*>-r>^©^t^7'^-fe^ii) 
ffctfRjIfefcttJH*;*;* 1/r-f-if BU SRDYS7t- MtCP 

u i citfti-rso 

15 Tx CPU ltfRAMl 0XttROM9 fcy-KT^-te^-TSiiS©* 
-f 5 hA^SftSo 1 , 2ttCPU 1 ©SjfWf^D y 

CPU 1 fc: i-3ti*ilB5=i> ha-;wu I CBtctfi;ft£*i£o ft* 

20 $ >?>-ttrt&r KU^^UI ABA07h*l/7lb*i:illliSn5o 

iittBUSRDYI:"r$^ii5;U0g«D!)lci»ltCPU 
1 &7 tlsXM^Zte&T Hl/X;^ IABfcft«&t5.#tvi'i3 
yhn-7 2*5^©7 Fl/^<|^i:tRAM 1 0XttROM9C^t 
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tm*5 1 0 9if*-*yi/*$X<Dftf8tK:mftZtl..E.'DfflWm^BE C 

©fcS©T?-fc;*T h-^fi^fc^S- h* It, R OMSKi'fM S R 
OMXttRAMlJf?t^MSRAM§7t-hU ZtltZk^XtV y 

OMXfctRAM*>e»©U — K^-***-^* 6ili.^3> h D — ^ 7 
fcfc* D * <f> 1 ©lfe©:fc*±** t>^y*S£.mmVX^Z.l'5 : 4- 

ftBU S RD Y^TiJ"— h Lx C P U 1 £&©/t*7* ■te*#nJtB& 

2©**y^*:7;vf&l®lel8&2 lttCPUl ic<fc 7* 

1 * D y *;i/©M8fl8fc:{l!lflMi^B E C N O P ftTtJ— h U, 

15 hn- ^ 7c<k5#&r**x©g§&£*©»ifa»±£*So* 

©ISC^f y>a/ : E'JCACHE-eHt'f >r^*^»#ttr-^ 
20 Bfc&*&£*U ^ * <y S" a. b y hfi^l 0 9CT*t»J'ats» 

hi«;u3> h d — y 7 Cfflfc^ftac: kCi 19. > hn-7 7 
fct*© i: #©7? -fe * Cifco ^ * &frto-r l" ^ 
-f-i^BUSRDY571f- h IT, JK©J*;*:r*-te;*Jb"iri6fe#*& 

4CPUltittt5. 
25 $9glCiiCPUl C«tS*tfi't^H , J7l:3ttt5*tf i' 
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* is* 7 2 1 fcfcCPU 1 Ci5;U7^t^^f. 1 

* P -^t>f^;KO)!)!SCSiaiifBECNOP47t- h 

(DCS 0~CS 3©^n*»S3Si*-r«,/RDtt^2H©RDC^^ 
ixSo :r*-fe*ttT 2^^— h a»e>PI*a&*K T37r-ht 

15 tWa^f'J CACHEt*l>Ttt, T 2^r-M!ig[*+S'^a 

t^a^vctsain, t cpu i# 

20 13 %HB5tcr^-b^1--5»iSttT 2,T3©2*n**#-f *;i/-efe 

* ECNOPCt *MR/t* 7" * -fe * A* l^D^ 
"*-f * t* :* -f b£ftTl>*CD-e. CPU IO'J- PT^-tr^tli 
4»tT l~T3®3i'DS'^t'f i';VSStS. 

25 frfefcv 0 9 <D«ttttfMf * 1 * n v Z )V 
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3 ©p«3&#i&*gs-r **y 

^Sifrbt^ap^^U 1 3 fcT^-fe^U***^.* ^^fc^S^i' y 

15 **cgT3l$!iatifi<Tfc*f;r£:fc:&a,> 

^fg U** y^ + r;i/^U7'K:^-r-5T^-teXK:^5VH-ctti!fIalO + ^ 
y S^T^ce. U rtc^f 57^t^A»^t y by bTffcS^^fc: 

y ^^T*«>S©^fe:H:Hai3»jaiM-^B ECNO 

5*tyi'aUtjl<*+f5/ik!!'H«tt, ftJ®HS-# B E C N 0 P 
CiS^x-f h#frfcixT^feV>0-ex**y $/ak y h©ttSSi±^^ 
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JI'ffifflftJB2 1 L Gj6» 5>S(f0©^f -V y^a^/ty h© 

10 *I^JHft*BJIU f}ltf + tf i/i^SSbT^S«^tH:, 

y^t^xy 7fcMt37i'-l:XftftmLt*ia»if BECNO 

?^ty h*-*BtK ^©57t-j» MfcHl:4l:S^^^;Hi x 
ftfiM^U 1 3 ft** y S'Aftft*: LfciMt§£-rfcfcfc** *3/.»ft 

^■feXtf-f t?)lfk1fimVZ><D-C (BECN0PCi5f>x^ 
* JUted)/** V 4 & JV -C ft ft: Lt^ir yJ^a'7 > ;i>»ffc ft fr 5 £ i: # 
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h As^^^So ^9iafcifc©-r*ifcfPJi*>j&»fc<J:5fc:. MUE^BE CN 

^;^*fft>*^^^v^o cpu 1 a*^-* at? s msmttt 

*-<xm<D&m&7jii<tiZo m 1 2wtztettzAi±m8me>Vim* bi± 
«9Ba<DttjB« cii« i OHO***. Dtt^ i iH®Rttcttj*&n«o 

* ^-fr'f r>atv 0 9 ilffilflHs^B E C N 0 

P * *HJfc0»J © «fc -5 C iBI8P f S * # £ < * fl 5 o 
0 1 3 St:!*** ^a^'J *rtjSRAMfc*Mt-S®^6D^^c 
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0£4 KB©7» K U^^'J TtfgiJ t) 5,^5 ^Kftj&RAM 1 
0 fcfc 1 ») 1 K BO§i"Cr — X(@ 3 2tf h i: £ 

tlx ^rg&TM^j.— ;btIT4 KB©RAMAM£j££*i-tV*5fc©i:-f 

B l>t*+»J/a^ttJ CACHEtf^-^TUW t 1 KB©IB<S£M 

*©#* yS'Ajt^U CACHE*, ftjSRAMfcSfcffl 
tti^tacfctfttSo *©f*3, 1^.3.-;t/ 1 KB©RAM£* 
iryJ/a^^U CACHE©r-4'71/'f4i:r5i:sr^7'f >& 
£4/t-f h £ LT2 5 67^f >.*«lWT? #-2>o SfcSil© 1 1 
10 KBORAMS^t y^a-OT' Kl/^^l/'f 3 fc^V^ 2 5 6i> h U 

v 5/ zl^tk 1**1 0 4*«lW-rSoi©i:&3 2K«r h© 
il4SO (A) «fc-5fc:A 1 , A0tt7^ 

>rtM-f h7K^, A9-A2tti> h UTHUXx A 2 4~A 1 0 
tt* ^TT fc^ftSovtaxCj&fcTr ¥ l/^Tl/W 3©**+- » S/ j. 
15 ^^7Kl/7lO4ttil40O(B) t^^nSi^CD 24-D1 

tsoT, -?©®iS£iSJ8-r ^©0>j-v?j±B(ria^«itry h (v) 

10 5 *7Kl/X71/-f©STttty hD Ofci!l»J^TTfeSo<HU^ 

20 36 tr* h 1 0 5*'J-fe* h#&fcL&ttft«&e>^£-c©** vi/i 
>*«5Sfr^bL-C#^ y ^o-pt^U CACHE*mm'fb-rS{c:«:2 

♦ 

S «fc 3 fc f £ fc: BU *T$& t: y h 1 0 5SRAM^0^rf r>i3>F 
2 © i£3 0 ]& «$ft 1" * So 00*. « 3 2;W h 

25 (3 2 X 8 fcf jy h )© 1^ 2?* * ^i3>bD- 5 2fc#jtU 
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m 1 3E9fc:;fetiT« 7^771/^3 Kin-t % 4 V =r v >7 Y 
U^fifC^Sty h (A9-A2) tffyfflSftStf, 7* YVXTV 
<< 3£gjj|©RAMi;LTftjjg-rai:#&*A9-A0© 1 0 h# 

— * 2 0©— ^TCDX*C^^$n. >7 <f ;i/£|&LTr Kl/ 

TU-r 3 {CT-T >y s y#Xistitt5'( y*/z>.y F\sZ* Plfi 

10 f^tiS, 75>ft2 6J4, flSllT 1 -*^;* IDBfcr-^71/-f 4 
©5 s — *Am;fc^fc ©#/&£&» £|s|g&^i&»),3r * >yJ/i3> ho 
2tCTftU#*ix*oX*ilK2 4iim*Iaia2 5tt7KbX7U-f 

t^jSOR AMt LT (RAM 1 0©-«Pii LT) #J/BT S;&»Sa»fcJu * 

CACHE©*&/JS&fc&lfr£*SCLfc#T?#S 0 ^ 
© «fc-5 5&;W«l/MS&©«!lffllliv-f ^ D 3 >ta-^©|)^t- KCi 

20 ^1 BHJftlF* 1 BHC^^WT-f^an^ei-^MPU 1 i± 

/**3 > h D-7©i2g©^^^ 1 BlStri 2 0©H«60!ii:4iii£H 

1 ttAS'tX 6 UTVN5o-e©ffe©^tt^ 1 SXVm2 0©HflS 

m *: n c t* * © X- mm&mw j±#b&-t a <, 
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*o 94 ±X v/ ^fcrt&^U T^-te^ifcafS (±*^ y 7" ? -fe * * © ft 
*»fc^©TS Sg^by h^H{±. H=r+h-rh£& 

So 

^^^^D^t-f *;i/») S ofct, So=hxl + (l-h) Mt$ 

*t*-f *JHRtt 1 fc#ft*o f UT, T-f^D3>Ki-^MPU (M 
PU 1 ) <Dft8M--*U (9, 10) &tF*MM%V ( 1 3) £#fc:*f-r 

SK) Sali, 

Sa = rxl + (1-r) xSo 

= r x 1+ (l -r) x {hx 1 + ( l-h) M} 

= (r + h-rh) x 1 + {1- (r + h-rh) } M 

= H x 1 + (l -H) M 

m 1 7W&ZFm 1. 8 GB C tttMB r « h, H©g|«#j*£;h,£ 0 m 1 7 

mam 1 8ia©rt^t:tt^3trNT»ipntv>s 0 B 1 7 m& 
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3s*ME<Tfc. MmtZTrftZaimtiinM** U ( 9, 1 0) tigS^ 

h) *^U^2 2BNCfcm&7 > *-fe**Dy 
ScM=4©i:£fc43«'£¥^7 , *-feX*D yp-V-J PJV&S a(/<^;>< 
-*fc*h) Jg 1 9KI±!g2 0B<©l*3gfc:&^H<»TiiSa»*u IK 

C1D *Hfl60J©V>f *n:n>Ki— *MPU (MPU 1) fcfc> 
f^a/^'J CACHE fc#fcROM9 ,R AM 1 0£P3— 
C^U i^RAMl 0, ROM9tt*t<r>a^ j e'J CACHED 
15 cfetta+f y*/at?» h©ig-&i:l5lfc l^n^N ^;^7^-b7 

fc. J&s-rntfrtjtt^^eu 9, l o *j ^^^jwai ?t 

U CACHEa#©fEf£f£«#'Jv;Sf < fJ'itjr h*#«<Tfe. 
iSSC^-tz^iirti&ftjB*^ U 9,10 tMfr£tt>l£TmmZfrZ>Z. 
fcT?> CPU 1 CiSV'f ^D3>Ka-^MPU (MPU 1 ) ©f*3*|> 

fcfcff fct v h«WM>*£fc**"C Lfctf^T, CPU 
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C237-f?D3>Ka-^MPU (MPU 1) Ttt-jiefiDCillbii 
^&4f©*;**£]#;L#&Kfc:*£U 7D^7AAH7>^©i^§ 
< &flS-rSJ§£-#iH'>CDTfx*-i' yS/a^t y CACHECty hgs# 

*mpu (mpu i) £&ut. siiDa^^^fcgyoa^^-i;^^ 
daDa^arn^^A) *«irom/rami:a*i5J:^ 

15 ^yj/t^x y 7't:^-r57^-fe^t:*i,\TB:lil(eI©^^ yj/tr 

* -fe X ©*$ T * ffi < £ # -e t £ o * © £ 3 SQftl #fr to ft 5 
25 k*; h RM± % *f B ECNOPC<t5f)x'f h j&sfx t>tlt ttftv>© 
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•yJ/aU*»^t<y h ^©9J D #*> !) B$© 1 ®<DT t? -fe * £ It t £ tl 
-J^fi?J1?fcSC t&%l81-tLtf. S/^^A^t: Lt©^t U?^-b^ 

ffi^e>fc*r*ij-e& >ki; * kk* ho 5*7Ki/^ru>r 3 

D3>Ka-^MPU (MPU1) ©37bjSMt^#t5. 

© ISiSSS © SJiHb tc o v * T BLOB r * o 

mz 3gjfc*** (wa ygu ^s) £*r-r* 

* ( 1 -h) fejgtLTl^S. lTAlan.J. Smith, 

TLine(block) Size Choice for CPU 

20 Cachesj , IEEE Trans, Comput . , volC- 
36, no. 9, ppl063-1075, Sept. , 1 9 8 7j© 

( F i g 2 ) ©<t&7cCUTtr\*o t& 2 3 0© 
(A) ~ (D) fc:fcl*3 CACHE SIZE kfESftfclft©ffi9fci:** v 
^ »; CACHECr-^T'l/'f ©IBISES (>W r ) Line t 

25 fBSftfcS^Uti:*-*' »V*^ i E l J CACHE tCifcW'ST'— 9^4 > 
©;W V8Jc*3t«*f*o*U-CWiaiKE©«D©&ffii:fit©ffli©&<iSk©^ 
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3 ( 1 - h) i230O{A)-(D) ti. 

a^t'JCACHECi^ VJ'Tf 4 7 (full) , 4£x>f 

■fey h7V>7r^ ^(4way) x 2 £x-f -fey YTVI/TtJ :7(2wayK 
6 1 £x>f -fey h7V^7f-f 7*IP**W hvy 7* (direct) J: Lfc 

^2 4^$2 3i<Di^&^bv h4sH = r + h-rh#0. 
9 tr&*r©«*#mufe*©S^"ro^xE©tt^tt^2 '3 812:13*7 
2 4Efc43V>Tr£0©i:£5B:> i*)j&R OMtffe<titf 

LT. ±7D^7A$ItfPRG [KB] fefcBu 
ROMiSi4R = r xPRGi:rSo^H:fil*fcHfTStvS;P-^> 
ttrtj»ROMCS<®^ -tttR<rxPRGi:J!tS^ C^-Cli? 
-X r^fl=£%;U R = rxPRGtt5o^6tl-|ftfl«J&««J:tt, 
15 PRG=5 1 2KBi!b>ROMgF:gR&iH?-rafcfg2 5l3<Z>*§lfc£ 
SB2 5 0©iEi£<ZHt#l£$g 2 30i:TO-efc£„ 
&2 5|2l£D^mfc:^v>T^r-V yJ/agiC [B] i:F»3jKROM^M 
R [KB] Oil^&rny h-TSi:^2 7 EI~S& 3 0 E CD JgJB 
*ty^a^tU<Dl»*tt» S£2 7®*S7;PTV^T?-f ^ (full) . 
20 3£2 8@#4 ^xW-fe* hTVS/^r^^ (4way) .S29^2')x 
W Hry h7V^7r^( r (2»ay) „ 0 3 0B#^ 1/ * 

(direct) tfafe »K ^ll^tf i/a/fiJOr-^?^ 
~*fc3*lTV><5«,0y;tfc£Jg2 TtgC^T^-^-f >S#8;W h 

25 S'i^UCD^fiS 2 0 4 8;W r tTZZZs R OM^IH: 8 5 . 3 
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812 6EB:,2£2 7121^0 3 0 ElfcjjsSixS ftj&R OM^gii^t * 
y^Sfc©W^££C + aR = bT3E<&lLfc y ^ 

fig £$fcj£T 3 BltiliC : C + aR £ b *StJ£-rs «fc 3 fc, 3;* 

h 4:fi^*> L^t>^«c#?,Ri:c<z)$fi^^-r*i«J:^oifemrnK, 

C + aR>bfc:&:5fSa*'J>fc< tt>®(< <fc3fcC, RttfefitS, c 
D3>Ka-^MPU (MPU 1) rtjffi©ROM9CDl3filSSi:^r^y 

i/ajc*y CACHE©fB!i«Si:*gJfifli-rs;i tib*-if ^SotJffB^ 

8waytt±/4M-f h5-f>g:a = 24. OU b=8194 
8waytt±/8;WI>7'f/'I:a = 9. 00, b = 3328 
8way6l±/l 6;M >1: a = 4. 00. b=1280 

8way£l±/3 2;Hh7^>g:a=l. 7 5; b=5 12 
8 w a y Pi±/ 6 4 h >gtt± : a = 0 . 7 5. b = 2 5 6 
4way/4;Wf7>f>S: a=25. 19 t b = 8 8 0 4 
4way/8;Wf?'f>S:a=10. 00, b = 3 5 8 4 
4way/16;Wh7>f>S:a=5. 0 0, b=1536 
4way/32;Wh7^f>l:a=l. 84, b = 5 5 7 
4way/6 4;Wh 7 >f>SaJ::a = 0. 7 9. b=2 7 6 
2way/4;Wh7-f>fi:a=32. 41, b=l 1 112 
2way/8;Wh7>f>I:a=ll. 90, b = 4 3 2 8 
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2way/16;Hh7-f>I:a=5. 50, b=1792 
2way/3 2;Wh7>f>I:a=2. 03, b=651 
2way/64;Wh7-f>gfe(Jt:ft=o. 8 7, b=3 16 
lway/4/Wh 7 ^>S:a=3 6. 0 6, b= 1 4 3 6 1 
lway/8/Wh7^S:a=18. 75, b = 6 5 9 1 
lway/16;Wh 7 ^>5:a=8. 00, b=2816 
1 way/3 h^J : a = 4. 0 0, b=1280 

lway/64/^ h ^>f >^W± : a = 1 . 48, b = 549 
«3. ^Krfeai^RAM^r^ry^iF'gjKV'f ^D3>Ka- 

^ U r if -fe * ©iS^Yb * m r> jf* >f # n n > t i — * ( VflTfc&Jg SC R 
AM** visz-ftM^J ^D3>Ka- *)<Z>— StJgflJ^D f^Htfja* 

tfi—^fc^gB-r) MPU2I*, CPU2 0 0, CPU2 0 0O»ft7 
D^7AXH5 : -^*«ftWdnSROM2 0 2, CPU 2 0 0 OftJRffi 

^u<tt^~^©-^tiigigi:#n«RAM2 o 3, mwm (MU 

LT) 2 0 9, ;U3I/fD-5 2 0 4, jS2Isl8S2 1 0, ft&'tX'f 
>^7i-72 0 7, MR AM 2 0 1, 7HU^g^2 0 1 0, R 
AMfej§|n> hD-5 2 0 5^£^», ¥llfA2'»=i>0£9 & lfl<Z> 
^#&tRfc^j££ft£o&8!S/t;W jc— * 2 0 7 tztiiM/\x 

2 1 l't^U^^U 2 0 8^*sg?g5^n*o 

#^Jfe0»J©V<f * UZi > Ka- *MPU 2 tt,ftCiS!j|&i**l&t*#, 
R I SCr-^rf^ftStL, CPU 2 0 014, Iffr4ifcfc5 CPU 
2 0 OOlbfMEV^D l^D^t>f^;i/W§ 



WO 96/36919 



PCT/JP96/0I308 



37 



ffs ^^rU T*-fe*J&t£fG»t-f ^^t 1 — lt^<, CP 

U2 0 Otf&R£*l«ftfi|SstX2 0 61*. li'Dy^U-'f^Mi'W 

5 I DBx ftUMm>*X I CB*»e>^S ft M^rt©/** 2 0 6 fclfct 

Iu^^OIhIB&^^a — ho — -5 2 0 4fci. 

f^®M^2 o 6(offlWRvmmm&2 i oo^-fe^ftjaiifcir&fi^o 

m^miZ^^>X^MROM2 0 2. RAM 2 0 3. Jg£JiRAM2 0 1 

16 *^«S0!lfc33V%Tt&iBRAM2 0 3MROM2 0 2ft?^tXl: 

MfB^&RAM2 0 lttU'Dyff^f */WT?T*-fe;* qffgfc £*u ^ 
Ei«Eai7&5£©R AM^t y'/ak L-C#Uffl£ft£o R AMte&ri > h d 
-5 2 0 5ttP«3jffiRAM2 0 3&VROM2 0 2 ©mg©l£$S£^ji 
20 RAM 2 0 1 tz&M-r2>&m*ft5* 

m3 2E£J±R AM&m?> ho-7- 2 0 5O^D^0^^f 
tlZo RAM&l^ > 2 0 5fcfc, >J*7Kl/71 

t^ilRAM2 0 l^©^-*&2ljgIfrgBi:£*XS7 > K1/^4M 
(CT AR) 301> +^>>^7Pvi'li^7 KU^l/ 
25 5*;** (CSAR) 3 0 2, #t'»77D •^»77h , UXU^73' 
( C £ AR) 3 0 3. RAM** »i/a.9MT Yl>X\si?X9 (RCA 



96/36919 



PCT/JP96/01308 



38 

R) 3 04, 3>hD-Mf-^^l/^^ (CSR) 3 0 5©§ 
y : -*&&ffl®%fi5fflm®&3 0 6%m?5o CSR 3 
0 5l±RAMtejSl3> hD-7-2 0 5<DIfrffci&^try h CDffefc:/^ U 

CTAR30K CSAR3 0 2, C EAR 3 0 3, RCAR304 

&1fiWt%2tiZ>,&izCSRZ 0 5&RAMfis3£3> hD-7-2 0 5 

i^n^.^nfe US>X* 3 0 1^3 0 5ttCPU2 0 0i:J;oTy- 
h^-fe:*i?rHfc£ft,$gflPliJBS3 0 6*J|^fiP7 I 
AB©<l§r3- H LT#U$?;**£>S|RU rtfiS^-^ IDB* 
*M,T-?ft& U^X*#y- h**VS 0 CSAR 3 0 2 SVC 

EAR 3 0 3 fcfcitSriBROM2 0 2 2&tfR AM 2 0 3©:n>;r©-S5 

Jt5tRri6$BBB©f3te§MttitS&RAM2 0 1 ©fating t: J: ^t^^ 

So 

Jt$fc®&3 1 1 ttftSSr KU^^U I A B ©ft tCTAR3 0 1 © 

1 2 ttrtSST Kl/^;^ I ABtDitfC S AR 3 0 2©fitW±©7' K 
Uxa^JJfeLT, ^©*I^M*&ft!IWIilSS3 0 6 So itlKIsIBS 

3 1 3fcjtrt&T Kl^X^X I ABOf^CE AR 3 0 2©fit£iT©7' 
Kl^^frSMUt, «<>4)|i^liJR*ftlfllfBlK3 0 6fc^it5c f3 3 
El&#J»f!"rSfc:, ffelftlIa]Eg3 0 6 CPU 2 0 0 *» *> i*)^ 
X I ABfc&S&StiaT' F 1/^tfCTAR 301 ©fit-HcTS 
dfc&tfcHi-r CPU2 0 0*»e>n;*lS£3tf§L"t\ CSAR30 
2©ffit,totft$57FUX*»^CEAR3 0 3©«t«tot^S 
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57FU^^-e©f-^^ R CAR 3 0 4 ©<it£Sfcfl| fc-T S^MR A 

M2 o i©m^^t:iE2iM©-r5o cicDh^, &mmmm^3 1 4 0 

fcfc ft T:fc!K ^IRAM 2 0 1 «U RAM^^3> h D 

— ■5 2 0 5 *s^gp7* Kl/X;u IABCB*t57 PUXMCto 
TT^-fe^SftSo MS^$E3i£^7Lfc&l±, >tU y .1*79^3 0 7£ 
WS&fcU ^^4S*j6k^f *o Sfcx f&W®&3 0 6B\ /ty K77 
^3 0 7*s^tc^nt:v>Sii&tt, Jtg|sIB&3 12, 3 1 3££§JpJ 
^*4*JtllI»3 1 4-C#J8!U I AB<Dmifi. C 

S AR 3 0 2 Oftt:«fcotft$5 7KU^fr6CEAE 3 0 3 0fit 

&gt&3 1 5fctRCAR3 0 4©*t* & C S AR 3 0 2<zm&Mf|£ 
b (RCAR-CSAR) , m&Ztltzm&RAMT' Kl^X£&t?||g3 
Ht LTx H1RAM2 0 1 fc^f&L. &mfflmm^ 3 1 0 £ 

& 3 4EIC«:ig5SR AM 2 0 1 Slf7 Kls:**ifll«2 0 1 O&zra 

y ?mifiBi<n2>omm£&ifflmm*5 3 1 4 otfts^bsn-tv^*^ 

Cd3V>-Cx T KU*£g|g§2 0 1 Ofcfc, *<Dt%(Dftm7 pi/*/** I 
ABCffit, aulBR AM7* Pl/;*g!fcflMS3 1 6 £in$¥U u^7i- 
t^7Kl/7kUIIRAM2 0 1 lzm&TZo&&&Wm^3 1 4 
0 **#*Si£#ffi© £ WSPT FI/^M^IAB CDfll**-* CD * 
R AM 2 0 1 fc#U&£ft3«, ^RAM2 Oltt, mf%<DR AMOi&g 

U * K?^3 0 7#U-fe y httSIOfc t> &&ffcl«fll«^ 3 1 4 
0 ##7g&tt!HCD£Sx 13 3Sfc^$tlS«kac v RAMU&zi>h 
O-5 2 0 5 *»&P^fiP7' Pl/*>t;* I ABfc/Bij^tiST* KU^fi-f 
fc&oT. CSAR30 2-CEAR30 3 0|gl©f~ RCA 
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R3 0 4Cr>m^mthXs &&R AM 2 1 OlC&Sl^nSo >*y * K 
77^30 7^'; hVtM(Dt&&, CPU2 0 0tfCSAR3 0 2© 

C EAR 3 0 3 ©fit£ <fc oTftJS7 

KU^©«5fflrt&7^-i2Xr5 fc.£ftf&HSMI-^3 1 4 o#«H$<ts*u 
5 HP8£I±. RCAR 3 0 4 £$fcH fc-TSMR AM 2 0 1©S^7^ 
t^*tl5o /^a>hn-7 2 0 4 tt, &&j|!iaHg^ 3 1 4 0#Sf$ 
fls3*iTlASi:&«\ ROM 202. RAM 203, ft.®***) 2 0 8 
(DmftMttfcttjLX . S1RAM2 0 izmftmiRTZo 

CPU 2 0 0 **p«g&ROM2 0 2, ^j»RAM2 0 3, Xtt4MM* 
io y 2 0 8rttfe4^*T-^t7^t^UJ:5 fcbfci:£<z>f&f£© 
— 0y&8£SI§"rS«.CPU 2 0 0*»rtfiJ^^ 2 0 6 StYLT^ kisxm- 
2 5 0*£ii^rScT h*l/^«^2 5 0#RAM^3>hD-7-2 
0 5C««&3rtVv^l&#*lfcTKl/^m#2 5 0#CTAR301©i 

fcitlfcdii*. *0Jfc*tt*tf— ftLTV*iitt* RAMfe2l3> ho- 

15 7-2 0 5tt^3> hD-7-2 0 4 C/WIB*«*(RT CRE 
Q) 2 5 1 47U-ht5o ;U3>hD-7-204 t*yT;*T— \L* 
2 2 0fct;t;**g£3H£Uv CPU2 0 0 OrtXV* *;i/©t2J*tg fc£ 
■C* ;t*«£RAM&jS|:3> hD-7-2 0 5 C#;t5<, iiltiot, 
CPU^Xtri'y'iJ yyi^(CPUACK) 2 5 3#*y- h <*tu 

20 RAM$Ei£rJ> hD- 7M*lg3»*.> U y^if (RT CACK) 2 S 
2tf7f-h$*l5. RT CACK 2 5 2 ©TiJ"- h SSttT. RAM 
fcj&3> ha-7-2 0 5 4«;^«i*I#tSt, RAMIES > h d 
— 7 2 0 5tt*ttf8CS AR3 0 2-C*&$n*T Kl/^A»e> CE AR 3 
0 3^&;§^£7 Kl/*£^<D«SB4>m«fiaftfl&ROM2 0 2. 

25 WjBERAM2 0 3,Xtt^as^^y 2 0 8 fcfcfc Sffr^Xfcty-* 4, 
fIBRCAR 3 0 4"C*B<*;ftSMRAM2 0 lrtor h'l/X^^i 
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JgRAMrtfc^Xftr- ftfi&MtftlT^ZH tS^tC SR 3 0 
9 Y7?73 0 7 £-b* httSlfcSlstSo-f LTR AMfe 
2 0 5fctn**t£#Cgf So 
CPU 2 0 0tfRAMfei3> ho-7-20 5 €> /tx|g£g*§ 
LTCPU2 0 0#n;*T?-fe;*£jgS&-r3 fc. CPU 2 0 0#ffl£T 
ST'Kl/^M-^2 5 OHu ittm3 12,31 3t"C iff IB CSAR3 0 

2 , C EAR 3 0 3CEMfifcJt&£ftSo C S AR^7 KU^if^CE 
AR-Cfc^Ts >ty v K75^3 0 7 4»ty httffifc&K. *©7* F 1/ 
^M^2 5 0£DP«3$«: N ?S3$RAM2 0 1 7**«fe*ffl(cgtfeS*U i'ti 

»),ffiS3&:P , 3aaROM2 0 2/P«gjS&RAM2 0 2 0 

8Cft^-C^SJtRAM2 0 1 8*r ***£ft5«±gB&##fifc:fcL-t ^ 
MS!)* 7KI/Xlf2 5 0CJ:?tH^lRO 
M2 0 2> rtjS&RAM2 0 3. XHtftSM * 'J 2 0 8 & iftf^-te;*;* 

±iBJfe^*»^b-C^S«^©S&#*Mt:»M-r*vH, RAMIES 
> h D — 5? - 2 0 5 *»e>iMR AM 2 0 1^RAM7 H V*&tfttit$& 

3 1 6ib««l&$*l,ife^3>bD-7 2 0 4A(iRAM7 h'l/^^ 

&ra*8 3 i 6&t5^fHitit3 i 4 i##*e>ftaoCfticfc^-tii5 

MR AM 2 0 1^ CPU7^-fe77 K l/^-CS AR + R C ARTflH- 
S^ft&T'* ■fe*?' H l/7t«fcot7i'-i27qIfi6C$n«. 
n> hn-7 2 0 4t±. RAMT-Pl/XgiftflMRS 1 6£VIIII|g 
f3141 tt^lRAM 2 1 0SiffI^r5.*fc^3> h D — 
5 2 0 4ttliaf3&&iBlflI©^3 1 4 Ofct\*G>i:££>l*3BB7'Kl'*A 
X I AB±©7 Kb^«-^2 5 0 CttJ&^tLSs ROM 2 0 2> RAM 
2 0 3. Xtt5MM%» 2 0 8Kl^-r5S!lf^S^*«l±-r5o T Kl/* 
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m&&3 1 *\sX&Wt*2 0 1 0C«fc3$£$?£Sf8iL^fc^ 

&}M&frfr2>1&&tZt£ x ^IRAM 2 0 lOTft^TFU^^, RC 
AR©±ffit?Pl/X2 5 0©T&£&^bfcfc©fc LTfci^o^© 
«^CSAR3 0 2 tCEAR3 0 3 fcift3£qjf&fcffifci:e-r fc#JIE£ 
ft* ^fciAttC E AR 3 0 3 &&JtU 5 0©± 

tttCSAR 3 0 2©±ttil(Z>-8at*fc£fTS i"5CbT*«fc^o 
ffi> ±§BR0M2 0 2. RAM 2 0 3 <D±XX.&mtifr&. ft^U. 

niii«i«ij5Ji*«M-rsi qr#6"C*5o z p*®>*x 2oet 

■W^iO*iJ»«5f;^i:*n.3l^at)0CPU2 OOttSli'Py 

2 1 O-sO^t&te^leDM^-^lix rtlROM, RAMO^-^lcjS 
j££ft-*\ *ttjt%iJ<D5*--*£ ****** 2: U ^VMi^lROMM 

#H1605CJ;tvfciU T*i2**-<f A#3^t*ij&ROM2 0 2X&RA 
M2 0 3lce»!l^n-CV^rD^^A©5t..*>SlB^'*fe«>*»U«>i^ 

mr am 2 o i izmmis-z.m&T'v tr? &&mfjt*it2> j:-st:-r n«x 

*©&#©^fr*iiGjfrfc-e#3o Mi&x rtlROM/R AMfc$t£ D £ 
*lft7o^7Ai|S7^-b^^'f AcDSV^flJ^^e 1) 2 0 8l3fcti*tti 
U*. <Z)*1>SM ^ U 2 0 8*rtjSEROM/RAMfc^filt:ft!lfflI'rn 
KfSliffiT % R& <* C b ifi-C § S « is > «y *7 v >f £ n 3 > hf a. - * 

# ** * t-r a £ & 7 r y t - ^ a > -c » . ax & & » # * ft s - > 
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7> >;v-i-» *mft*tzmmnft#&w%L 

K*- ^kfcfSf) MPU 3feJU CPU40 0, C P U 4 0 0 Ifrft :T □ 

io £^Axt±ir-*#teiM«^;&ROM4 o 2, cpu 4 o o oftmrn® 

mV<&y ; -*or>-mmmi$i£$tl%RAM4 0 3, Jg|M§(MUL 
T) 409, ;^D>hp~74 04, J?|ja®g&4 1 0. M^ZJ > 
*7 *4 0 7. HSRAM 4 0 1. 7|«UX^IS4 010, fiV 
RAMfe2l=i> h D— ^ 4 0 5^*^,#^S^Un>«D«td«: li 

*4 1 lfc^UT^SS^'J 4 0 8^#&^3ft3o«j£RAM4 0 1 

fcfci&3 6EC>js;*fta<> S6 3 4 BT&W bfcfeOi: Officii s 7FI/ 
*&i&S§4 0 1 0O^#£H«l9@f5 1 4 OCT^JtB^ixrx^ts 
rtfiS?" K IAB©itRAM7 1* U 5 1 6 &iOj¥ 

20 lTMRAM4 0 1C^$&t5„ 

*^JtS^I©v^ *nn>£a— *MPU Sttvftfcifcill&^ax&ir^ 

R I S C7-^rr^ft«tt5*©t'fer>T x CPU4 0 Ofcfc, 1 ffr 
^fefc b CPU4 0 0<DMWg&Zuv 1 * d y 9 V 

3— K &<$nft. ^t'j7^HzXS:WW7'7>f >X5P-^*Hff 
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LT^<o CPU 4 0 0 A J S«B^nSWSJ^^4 0 6»> l^Dy^it 

AB, — IDB, rtSBf&lftJM;* I CBfr&fi&So M^ftSB 

4 0 6 fcliiiiifiEife* ©SUSSES? .a- — ;nbsg^£*i3o^;*3 > h d 
5 -7 4 0 4B:>^74 0 6©*J2HSV^3aiilK4 1 0<DT?-bXffl 

/Ua>hn-54 0 4fc*rtg&n;*4 0 6 ft£7> Hl/^ 

io /7* h^^^^r- ^M©T^-fex©@g!i*i|9j^rso*ne>© 

*J^Si:^TrtlROM4 0 2*RAM4 0 3 ^OS&Sfrlv I; 

*m&m£.&^T%sm'RAM4 0 3RVROM4 0 2 i±T#*Xlz 

tfriB^3iRAM4 0 l&l#uy*V4 #)ll!79±Xa!mt£ti.m 

-740 5ttrtj«R AM 4 0 3»D t ROM4 0 2 ©73? g<Z>tit#£iSS 
RAM4 0 1 £.m&T2>fflffl*ft *>* 

20 &3 7@C»RAMls^> hD — 7-4 0 5©7D'^HI^$ 

*T,So RAMfel^ > hD- 7 4 0 5 8u *r**s>??U vPffllfeT K 
1/7 1/^ (CS AR) 5 0 2. ^t*>>^7D y^UTT* h'U^U 
^^(CEAR) 5 0 3, RAM** * ->^9cMT HU^l/^^.(R 
CAR) 5 0 4, J> ho-V^r-^^l'^^ (CSR) 5 0 5 

25 fcs ^-^^SI^^fT^SiJailelg&S 0 6 &#-T£o C S 

R 5 0 5ttRAM«S^|3> hD-7-4 0 5 Cbmft&feW hCDfktZ 
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MUivp77^ (V) 5 0 8S*t5o 

CSAR502x CEAR 5 0 3, RCAR 5 0 4tliCPU400 
&m±-r*T FU*£:]fc©$ft£^gflI;ra^SftSo£fcC SR 5 0 
5 l±R AM$Kj£n > h d — "5 — 4 0 5©=J> hD-MCiftST-i' 
K7^^5 0 S&^tftetftefflSti****^^** 5 0 2 
~505ttCPU40 0Ci?TU-I'/7'f l-r^** qJ|gfc3*U 
ftdffllIeIJ»5 0 e^rtSST Kl/^/t^ I ABOfiT3~ K Lt#U^ 

* * sa#u ft as?*— * i d b ut -en* u vt. * # y - k 

/^W h&ft*oCSAR5 0 2MCEAR 5 0 3fcfc*fc&EROM5 
0 2MRAM5 0 3 ©i U 7<D— g&jg L < tt^gBCD«Sffl*fiJ£T S 

R AM 5 0 lCDiBte£Ffifc«fcoT&S5o 
JtK0K5 1 2\Z.n&7YVXrt7< I ABCfttf C S AR 5 0 2© 

J£b-C> *©*J5&Klil£*!l0PlI!IS5 0 Jt&HJBS5 1 3fcfcf*3 

fi&T" Fl/X;UlAB©«tfCEAR 5 0 2 ©flifetT©?* 1* * 
fcCE AR 5 0 2©<tfc#b^T Fl/7*>§H^ttx'?0 J Pi^S4 
fS!lfl9IIH85 0 6 

CPU 4 0 0 tfift&KX4 0 6 £*M,TT I* U*<i^4 5 0*Hi* 
TZt.TVUZm^* 5 0#RAM4E3l=Ji' hD — ^4 0 5Cttl&$ 
*U ifcteSnfeT' F^;*<B^#it<£S85 12,51 3l:tflBCSAR 
502, CEAR50 3 ©«ii:Jt«£ixSo JtKISmtt^lslgS 5 1 4 
fc#*&*t*«, MSB 5 1 4 /ty sr K77^B 0 8#JR$5M*SI© 
B*KT#-teJ*7 , Kl''** J CS AR©fgtl— t^S £ £ fctfettJ*!* 5 t% 

tnu»,7 5 otftiriBCEAR 5 o 3 ©tetc-s-r s £ 

-C<Dffi.&\,^8i7' YV7>mm 50tfCSAR5 0 2©i4»6CEAR 
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5 0 3©fI©$i5ffifc:Ao-C^3|i^ CPU 4 0 0 ifi^MR 0 M 4 0 2. 
ftj&R AM 4 0 S.Xtt^ffll^^y 4 0 SftiCifcSWT-^^T^ 

^f-^^RAM4 011:5^ ht&*Z<Dm<D'&&RAM4 0 1 

SAR + RCARx Tti-^^nSo HPfcx «f**5 1 5 #Sfrf3^WJItiI 
«CRAM7 (RCAR-CSAR) 5 1 - 

ft£gtt-a^5$RAM4 0 1©8IIM&4 0 1 O^ISRAMT^t^ 
T*^;* (CPUT^-feXT* Kl/*-CSAR + RCAR) 
10 9-f h^-f * 3 8Elt:^$n* < t'5K:, rtjSEROM4 0 2x 

fcjS&RAM4 0 S.Xtt^aJ^^U 4 0 8<D7*£Hz*fc:MfTU-rf?;b;ft 
%.^<DJ:^ftfmilRAM4 0 1 7^-fe70fc»0^RAM 

4 o i &&mmmm s 1 4 os;u3>hn-74 0 4 

i:C«koTiSl»t5.^RAM7 KUXSmfc: 
15 l$lia#:b»3b»5*g£-fc:i±x 7§5j$RAM4 0 1 © 7* ^ -fe 7* h'WXttx R C 
AR©±tei:7* 4 5 0©T(ft£g$Ebfcfc©i: UT4>J;W 

d©*g£-, CSAR502i:CEAR50 3 (OWL^intt rt§t±*«J®£ 
gtt*. SS^fcfcx CE AR 5 0 3 £ggltU 7* 5 0©±tt 

kCSAR5 0 2(D±&t<D-$Lltn&ft'5& ; 5\Zl,X*>Z^oCSA 
20 R 5 0 2 £>tt& €> C E AR 5 0 3 $LXQ>? Y U*|gHfc:2*-r 3 5= — * 
O^SlRAM 4 0 1 Mbf^ii*j^Tv*Fn5ii>ftiJ«II5|8&5 0 6& 

KS5 0 6tt,CSAR5 0 2 ©{6iP& C E AR 5 0 3 $*C<Z>7* H I^IS 
IC*fr5r-^©l5aRAM4 0 hltr ft® £7- ft 4ft tiit- 

25 &^©&*Srfc:fliS.-t:v>fc^o flP^* CPU400Ct57^tX7h'l/ 
;*#JII#fc&*fc£ax3?* Hl/^«SHK:*^-CC S AR 5 0 2 iCEA 



96/3691? 



PCT/JP96/013O8 



47 

r 5 o 3©<B£ia:j£-rftfc£«fcVMfi»e>T-&ao ^cffeiissftfcv^ c s 

AR 5 0 2©fita»S> CEAR 5 0 3 £-C©7' K 1/ * S£ ffl £ £ 51^ 

© 7* k v * c *r -r 5 r * -b * © m m * m. & & m u t s ^ © s © ± r © 

^1^151^5 0 6tt,^Usrl»75y5 0 8 »J h £ft"t<^ 
*V>-Cl±v CPU4 0 0<DT9±XiZ&\,\X, CPUOT^t^? h'l/ 
7^CSARg7 Kl^^CE AR©«Sffl£AoT^&c:i:£*J^[e] 
8S5 1 4T?tfcttjUfci:Sfcj:x *J^S!iaiM^ 5 1 F«3j&ROM4 
0 2, rtjffiRAM4 0 3s XfcmSM^U 4 0 8 0tt^lJR*;U3> 
0 4-efflUhS-ti-So ^tifcttitT* h P-7404 

C«!IRAM4 0 lOllMS^t^aRAM4 0 1{:l4RAM7 
K W*£&tefR5 1 6*^|&LT,li5^RAM4 0 Ul^D^^ 

* ;i/ S&ffc ft fc: J;-=>-c^©«5ffl©r H ixxr*-fex£^s&fb 

t5;fci»l?S*»SIRAM4 0 l©T*-fe:*tC*ilM£ai£7 

«f©H«S«aJ^«t:. CPU7^*^7l«l/X-CSAR + RC 
AR, i:£ft£o £©7 KUXi*&C!l3ffiL*§£V*lSBB&H'r3*§^fc 
l±. BifM©ffi>K ^RAM4 0 l0??t^7PU7S, R C AR© 

±<fc i: :p }* w * 4 5 0©T&&&^Lfc%©fc?-£c2i* J -t?££o 

^JiSWJC^ttilllRAMB 1 O^CKI^IESI©^^— ^ 
l±, rtjKROM, RAMOf- *CIE5££*V*\ ^f'i©f-^£ 

i*£#&fcb*iS^ttrt}&ROM;RVRAM£#&.*^'; t©^^©v= 

— * i: -r S £ S * o ft 5> ©«-££ * ±ga^M^i t puss© 
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M<zmjg-fcLfc^«5B£CPU 4 0 OtfT^iz^Lfcfc^fcigiSfcig 

&RAM4 0 l^t7^H2Xr-^$DK-t*«k5ttt*^«^ 
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